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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of 

Bernd Hupfeld 

Based on PCT/DE 00/03195 

For: Device For Acting On A Flowing Gas With A Reactant 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Waslnington, D.C. 20231 

Sir: 

Prior to examination, please amend the above-identified application as 
follows: 

IN THE SPECIFICATION 

Page 1 , between the title and first line of the specification, insert the following: 
-CROSS-REFERENCE TO RELATED APPLICATIONS 
BACKGROUND OF THE INVENTION--; 

line 2, delete "Prior Art" and insert -Field of the Invention-; 
lines 4 and 5, delete ", according to the preamble to claim 1"; 
between lines 5 and 6, insert -Description of the Prior Art-. 
Page 2, line 1 , after "of" insert -bends or-; 

between lines 22 and 23, insert -OBJECTS AND SUMMARY OF THE 
INVENTION-; 

line 23, delete "Therefore the" and insert -A primary-. 

1 




Page 3, delete lines 5 and 6; 
delete lines 17 and 18; 
line 19, delete "particularly". 

I 

Page 5, between lines 1 1 and 12, insert BRIEF DESCRIPTION OF THE 
DRAWINGS--; 

line 12, delete "invention will now be explained in detail in" and insert 
-foregoing and other features of the invention will be apparent from the detailed 
description contained below, taken in ~; 

line 13, delete "drawings." and insert ~, in which:--; 

between lines 17 and 18, insert -DESCRIPTION OF THE 
PREFERRED EMBODIMENTS-. 

Page 6, line 22, delete "downstream" and insert -upstream-. 
Page 8, after line 3, insert the following paragraph: 

-The foregoing relates to preferred exemplary embodiments of the 
invention, it being understood that other variants and embodiments thereof are 
possible within the spirit and scope of the invention, the laitter being defined by the 
appended claims.-. 

Page 9, line 1 , delete "Claim" and insert -I Claim-. 
IN THE CLAIMS 

Please cancel claims 1-4 and add new claims 5-12. 
5. In a device for acting on a flowing gas, in particular an exhaust flowing in a 
conduit, with a reactant, in particular a reducing agent, wherein the device has a 
supply tube embodied in its conduit wall, which tube has openings (2) via which 
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reactant introduced into the supply tube can be introduced into the flowing gas, the 
improvement comprising a throttle disposed upstream of the openings (2) in the 
supply tube (1). 

6. The device according to claim 5, wherein the tube (1) has a first region (1a) 
extending essentially perpendicular to the flow direction of the flowing gas and a 
second region (1b) extending essentially parallel to the flow direction of the flowing 
gas, wherein the openings (2) are embodied in a section (X) of the second region 
(1 b) downstream of the throttle. 

7. The device according to claim 5, wherein a number of openings (2) are provided, 
which are distributed uniformly around the circumference of the tube (1). 

8. The device according to claim 6, wherein a number of openings (2) are provided, 
which are distributed uniformly around the circumference of the tube (1). 

9. The device according to claim 5, wherein the throttle (3) has a throttle opening 
(3a) disposed in the center of the tube (1). 

10. The device according to claim 6, wherein the throttle (3) has a throttle opening 
(3a) disposed in the center of the tube (1). 

1 1 . The device according to claim 7, wherein the throttle (3) has a throttle opening 
(3a) disposed in the center of the tube (1). 
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12. The device according to claim 8, wherein the throttle (3) has a throttle opening 
(3a) disposed in the center of the tube (1). 

IN THE ABSTRACT 

Please substitute the attache Abstract of the Disclosure for the abstract as 
original filed. 



The above amendments are being made to place the application in better 
condition for examination. 

Entry of the amendment is respectfully solicited. 

RespecKuDy subrAitted, 



Greigg & Greigg P.L.L.G. 
1423 Powhatan Street 
Unit One 

Alexandria, Virginia 22314 
Telephone: (703) 838-5500 
Facsimile: (703) 838-5554 



REMARKS 



Attorney for Applicant 
Customer No. 002119 
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ABSTRACT OF THE DISCLOSURE 



A device for acting on a flowing gas, in particular an exhaust, with a reactant, 
in particular a reducing agent, wherein the device has a supply tube embodied in its 
wall, which tube has openings via which reactant introduced into the supply tube can 
be introduced into the flowing gas, characterized by means of a throttle disposed 
upstream of the openings in the supply tube. 
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Device for Acting on a Flowi ng Gas with^a^R^aciiant— 



The current invention relates to a device for acting on a 
flowing gas, in particular an exhaust, with a reactant, in 
particular a reducing agent, according to the preamble to 
claim 1. 

In order to reduce emissions levels in motor vehicles, 
extensive advances have been made in catalytic converter 
technology, in particular in order to reduce nitrogen oxides 
in exhaust. Reduction catalytic converters have turned out to 
be particularly promising in this connection. 

As a device for af tertreatment of exhaust, for example, 
EP-A-0 381 236 has disclosed a system in which ammonia or urea 
is added to the exhaust as a reducing agent. In this known 
system, the reducing agent is sprayed via an injection valve 
into a premixing chamber which feeds into the exhaust pipe 
leading to the reduction catalytic converter. In a device of 
this kind, in order to introduce a reducing agent into an 
exhaust pipe section of an internal combustion engine, which 
pipe leads to a reduction catalytic converter, the premixing 
chamber constitutes a reducing agent line that feeds into the 
exhaust pipe. 

Although a part of the reducing agent is atomized in the 
mixing chamber or mixing section, a wall film forms. If the 
atomizing tube depicted there is used, an uneven wall film 
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decomposition occurs in the vicinity of turns - particularly 
when small reducing agent quantities are used. This is due to 
the fact that in the inner and outer regions of the tube bend, 
there are different flow speeds of the air, exhaust, or other 
5 carrying medium which is used to transport the reducing agent. 
A favorable equidistribution of the reducing agent in the 
entire operating range of the system is therefore not assured. 
This results in poorer conversion rates in the catalytic 
converter . 

DE-A-1 196 25 447 has disclosed a device for 
aftertreatment of exhaust of an internal combustion engine in 

m which in order to promote the action of a subsequent reduction 
catalytic converter, fuel is admeasured as a reducing agent by 
means of a metering valve and is introduced into the exhaust 
valve via an evaporating device. The evaporating device is a 
metal sleeve which is provided with a glow element and has a 

^ through opening on its end face, through which the evaporated 
reducing agent is introduced into the exhaust flow. In this 
system, the evaporation of the reducing agent is in fact 

20 thermally encouraged, but this embodiment is technically 

difficult to achieve and requires a high expenditure of energy 
to heat and evaporate the reducing agent. 

Therefore the object of the invention is to produce a 
device for acting on a flowing gas, in particular an exhaust, 
25 with a reactant, in particular a reducing agent, with which a 
favorable aerosol formation occurs in the greatest possible 
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characteristic field range so that the overall efficiency of 
the reaction system, in particular of a catalytic converter 
system, is increased and so that lower NO^ emissions, for 
example, can be achieved. 

This object is attained by means of a device with the 
characteristics of claim 1. 

The device according to the invention makes it possible 
for a flowing gas, in particular an exhaust, to be acted on 
with reactants or reducing agents more uniformly than is 
possible with conventional designs. The more uniform reactant 
or reducing agent distribution that is assured according to 
the invention makes it possible, for example in catalytic 
converter systems, to achieve significantly better conversion 
rates than in conventional systems, even with the introduction 
of relatively small reducing agent quantities into an exhaust 
to be aftertreated catalytically . 

Advantageous embodiments of the device according to the 
invention are the subject of the dependent claims. 

According to a particularly preferred embodiment of the 
device according to the invention, the means for uniformly 
distributing the reactant are embodied as screens or throttles 
inserted into the tube. A screen or throttle of this kind can 
be obtained for very little expense and can easily be inserted 



into a desired location in the supply or metering tube of the 
reactant . 

According to a suitable modification of the device 
according to the invention, the supply tube has a first region 
extending essentially perpendicular to the flow direction of 
the flowing gas and a second region extending essentially 
parallel to the flow direction of the flowing gas, wherein the 
openings via which the reactant can be introduced from the 
supply tube into the flowing gas are embodied in a section of 
the tube wall of the second region and the means for uniform 
distribution of the reactant are provided immediately upstream 
of this section. It turns out to be simple to mount a supply 
tube of this form in an exhaust line through which an exhaust 
flows. The addition of the reducing agent, for example in an 
exhaust system, takes place, for example, in commercial 
vehicles with compressed air support, i.e, the reducing agent 
to be supplied is transported through the supply tube by means 
of compressed air. Particularly with small reducing agent 
quantities, different flow speeds at the turning point of the 
supply tube (transition between the first and second region of 
the supply tube) lead to an uneven wall film decomposition of 
the reducing agent. Usually in the past, the reducing agent 
only came out of a part of the openings at the end of the 
supply tube, as a result of which a favorable equidistribution 
in the entire operating range of the system was no longer 
assured. According to the invention, this uneven wall film 
decomposition is now compensated for by virtue of the fact 



that, for example with the use of a screen or throttle, the 
reducing agent is once again concentrated in the center of the 
spray tube and then, driven by the above-mentioned compressed 
air, can be introduced into the exhaust flow uniformly in the 
form of an aerosol by means of the outlet bores. 

Suitably, a number of openings are provided, which are 
distributed uniformly around the circumference of the tube. 
The cooperation of the means for uniform distribution of the 
reactant with such uniformly disposed openings permits 
reactants to act on a flowing gas in a particularly uniform 
manner . 

The invention will now be explained in detail in 
conjunction with the accompanying drawings. 

Fig. 1 shows a schematic, sectional side view of a 
preferred embodiment of the device according to the invention 
and 

Fig. 2 shows an enlarged view of the region X in Fig. 1. 

In Fig. 1, the wall of an exhaust pipe section 10 is 
shown in which exhaust from an internal combustion engine is 
conveyed to a reduction catalytic converter. The flow 
direction of the exhaust is indicated by the arrow p. A supply 
tube 1 feeds into the exhaust pipe section 10 and reducing 
agent from a reducing agent tank (not shown) can be introduced 



into the exhaust pipe section via this supply tube. In 
addition to hydrocarbons, for example diesel fuels among 
others, in particular urea-water solutions can be considered 
for use as the reducing agent and can be introduced into the 
supply line, for example by means of an injection nozzle, a 
gasifying device, or other metering devices. 

In an intrinsically conventional manner, the supply line 
1 inside the exhaust pipe has a first region la extending 
essentially perpendicular to the flow direction of the 
exhaust, a second region lb extending essentially parallel to 
the flow direction of the gas, and a bending region Ic that 
connects the regions la and lb. The region lb of the supply 
tube is suitably disposed in the center of the exhaust pipe 
and extends in a direction that corresponds at least 
approximately to the exhaust flow in the exhaust pipe. 

At the downstream end of the supply tube 1, there is a 
section labeled X, which is shown in an enlarged scale in Fig. 
2, In this region X, embodied on the circumference of the wall 
of the tube section lb, the supply tube 1 has a number of 
openings 2 via which reducing agent can travel from the supply 
tube 1 into the exhaust pipe. Before these openings 2 in the 
downstream direction, there is a throttle 3, which has a 
throttle opening 3a in the center. The function of this 
throttle 3 in operational connection with the openings 2 will 
be explained below. 



The supply tube 1 is fastened to the wall 10 of the 
exhaust pipe, for example by means of a screw connection 11. 

When the atomizing tube depicted is used, an uneven wall 
film decomposition occurs in the vicinity of the bend - 
particularly when small reducing agent quantities are used. 
This is due to the fact that in the inner and outer regions of 
the tube bend, there are different flow speeds of the air, 
exhaust, or other carrying medium which is used to transport 
the reducing agent. A favorable equidistribution of the 
reducing agent in the entire operating range of the system is 
therefore not assured. This results in poorer conversion rates 
in the catalytic converter. 

The throttle 3 serves to concentrate the wall film in the 
center of the spray tube, as a result of which the effect of 
interrupted wall films can be compensated for. The reducing 
agent concentrated in the center of the tube 1 by means of the 
throttle 3 is pushed through the central opening 3a of the 
throttle by means of the compressed air mentioned above, which 
causes the reducing agent to uniformly act on the openings 2. 

In summary it is clear that through the use of the 
throttle 3, the quality of the aerosol formation is sharply 
improved in comparison to conventional embodiments so that the 
total efficiency of the system, i.e. the NO^ reduction can be 
improved in comparison to conventional embodiments. The system 
can be adjusted to different requirements or engines by means 



of parameters relating to the arrangement, size, and number of 
openings 2 and relating to the dimensions of the central 
opening 3a of the throttle 3 . 
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Claims 



1. A device for acting on a flowing gas, in particular an 
exhaust, with a reactant, in particular a reducing agent, 
wherein the device has a supply tube embodied in its wall, 
which tube has openings (2) via which reactant introduced into 
the supply tube can be introduced into the flowing gas, 
characterized by means of a throttle disposed upstream of the 
openings (2) in the supply tube (1) , 

2, The device according to claim 1, characterized in that the 
tube (1) has a first region (la) extending essentially 
perpendicular to the flow direction of the flowing gas and a 
second region (lb) extending essentially parallel to the flow 
direction of the flowing gas, wherein the openings (2) are 
embodied in a section X of the second region (lb) . 

3. The device according to one of claims 1 or 2 , characterized 
in that a number of openings (2) are provided, which are 
distributed uniformly around the circumference of the tube 

(1) . 

4, The device according to one of the preceding claims, 
characterized in that the throttle (3) has a throttle opening 
(3a) disposed in the center of the tube (1) . 
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Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 

first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 

which a patent is sought on the invention entitled 

DEVICE FOR ACTING ON A FLOWING GAS WITH A REACTANT 



the specification of which 

m (check one) 

SJ □ is attached hereto. 

il Kl was filed on 14 SEPTEMBER 2000 ^ as United States Application No. or PCX International 
Application Number pct/de 00/03195^ ^ 



and was amended on 



(if applicable) 



I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 

1 99 46 901,6 / GERMANY ^ 30 September 1999 □ 

(Number) (Country) (Day/MonthA^ear Filed) 



(Number) (Country) (Day/Month/Year Filed) 



□ 
□ 



(Number) (Country) (Day/MonthA^ear Filed) 
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1 hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 
application(s) listed below: 



(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
O United States or PCT International application in the manner provided by the first paragraph of 35 
r:r| U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
|:S Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
I^J Section 1 .56 which became available between the filing date of the prior application and the national 
^3 or PCT International filing date of this application: 



(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, 1 hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 
Ronald E. Greigg - Registration No. 31,517 




Send Correspondence to: R2naldJE,jG^ 

Greigg & Greigg PX.L.C. 

1423 Powhatan Street, Unit One 




Direct Telephone Galls to: (name and telephone number) 

Roiial'^ ^ ^^xm& - ('^^^'^ 838-550QZTelephone - QM} 838-5554/Facsimile 
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Full name of sole or first inventor 
Bernd HUPFELD 

<r- - ., , — 






Sqie,or first investor's sranature ^ ^ ^ ^ ^ ^ ^ 






38518 Gifliorn,. Germany 






Citizenship 
Deutsch ^ 






Post Office Address 
Kurt-Schumacher-Str. 33 






38518 Gifhorn, Germany 










Full name of second inventor, if any 






Second inventor's signature 
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